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the first and second objective lenses 7 and 8. An incident 
beam 20 is reflected by the reflective mirror or the re- 
flective prism. The movable plate 10 has a side edge on 
which a pole piece 22 is formed. A magnet 24 is provided 
to be slightly distanced from the pole piece to provide a 
magnetic force to the pole piece 22 whereby the mova- 
ble plate 10 is forced to rotate around the axis 21. A 
tracking coll 23 is provided on the magnet 24 so that a 
large current Is applied on the tracking coil 23 so as to 
rotate the movable plate 10 for switching the first and 
second objective lenses 7 and 8. Bistable points exist 
in the magnetic field between the magnet 24 and the 
pole piece 22 so that the movable plate 10 are stable r> 
the bistable points of the magnetic field wherein the first 
transparent parallel plane plate through which a con- is and second objective lenses 7 and c are positioned over 
verging beam is transmitted, for which reason a wave- the reflective mirror or the reflective prism. The tracking 
front aberration depending upon a thickness of the par- is made around the axis 21 , in the light of which the mov- 
allel plane substrate appears on the transmitting beam able plate 1 0 is made rotate at a larger angle than in the 
if the wave-front aberration is targe, then a convergence tracking process, so as to switch the first and second 
spot is enlarged to beyond over a diffraction limit where- so objective lenses 7 and a The first and second lenses 7 
by it is made difficult to obtain desired recording/replay- and 8 are adjusted to the different two optical disks hav- 
ing properties. In order to settle those problems, ft is re- ing different thicknesses so that the above optical head 
quired to form a micro-spot as small as possible In the Is responsible to two different optical disks having dff- 
light of diffraction limit on the storage medium surface ferent thicknesses by switching the first and second ob- 
to compensate such wave-front aberration. zs ) 9C tive lenses adjusted to that two different optical disks. 

By the way, the regulation in thickness of the optical For the above conventional optical head, the sJida- 

disk is variable for usage purposes. If the thickness of ble and rotable actuator which is allowed to rotate at a 
the optical disk is varied, then the amount of the com- relatively large angle is usable. Notwithstanding, wire- 
pensation to the wave-front aberration is also varied, for supporting actuator or a plate spring supporthg actuator 
which reason the conventional optical head is respon- so are not available due to those small movable ranges 
sible for recording/replaying the optical disk medium even those actuators have widely been used, 
having a certain thickness and being designed under a In the above circumstances, ii had been required to 

certain regulation. Namely, the conventional optical develop a novel twin lens optical head device responsi- 
head is not responsible to the various optical disk me- ble lo two different optical disks having different thick- 
diume designed in accordance with the various regula- & . nesses but not limiting the type of the actuator or aflow- 
tiona- hg various types of the actuator. 

In ordarto settle the above problem, an optical head It has been also required to develop a novel twin 

device was proposed, which is capable of switching twin lens optical head device responsible lo two different op- 
lenses in accordance with the various optical disks tical disks having different thicknesses and capable of 
wherein the twin lenses are mounted on an actuator. 40 recording/rep laying operations with a considerably re- 
Thts optical head device Is disclosed in the TECHNi- duced optical loss. 

C AL REPORT OF THE INSTITUTE OF ELECTRONICS Accordingly, it is an object of the present invention 

INFORMATION AND COMMUNICATION ENGI- to provide a novel optical head device with twh lenses 
NEERS', MR95-25. August 1995. responelbl ©to two different optical disks having cfifle rent 

FIG. 1 is iflustrative of a mechanical structure of the *s thicknesses, which alows various types of actuators, 
actuator provided In the above convention optical head It la a further object of the present invention to pro- 

device having twin lenses. The actuator Is provided wfth vide a novel optical head device with twin lenses respon- 
a movable plate 1 0 on which a first objective lens 7 and s tola to two different optical d\iks having different thick- 
a second objective lens 6 are mounted. The movable nesses and capable of recording/replaying operations 
plate 1 0 is provided to rotate around an axis 21 in a pre- with a considerably reduced optical loss, 
determined angle range. The first and second objective The above and other objects, features and advan- 

lenses 7 and B are provided to be distanced from the tages of tie present invention wiO be apparent from the 
axis 21 around which the movable plate 10 rotates so following descriptions. 

that the first and second objective lenses 7 and 8 are The present invention provides an optical head de- 

switched by the rotation of the movable plate 10. Either 55 vice comprising : a fight source for emitting a laser ■ 
a reflective mirror or a reflective prism is provided on a beam ; a polarization beam sprifter for receiving the la- 
base of the actuator so that the reflective mirror or the s or beam and drvkiing first and second En early polarized 
reflective prbm is foced to be positioned under one of beams having first and second polarization directione 



Description 

The present invention relates to an optical head de- 
vice, and mora particularly lo an optical head device re- 
sponsible to various optical disks such as a compact 
disk designed to different regulations in size such as 
thickness of the disks for recording/replaying of an op- 
tical disk medium. 

G enerally, the optical disk devices have used an op- 
tical head having a transparent substrate, through which 
a lease beam is transmitted to form a micro-spot on a 
micron-order surface of a storage medium, wherein the 
transparent substrate protects the micron-order surface 
of the storage medium. The transparent substrate is a 
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ble of emitting any one of the first and second linearly 
polarized beams. 

It is furthermore preferable thatthe optical transmis- 
sion system comprises a single mirror provided adjacent 
lo the polarization beam spritter for reflecting one of the 
first and second Bnearfy polarized beams divided by the 
polarization beam spritter. 

It is stin further preferable that the optica] transmis- 
sion system comprises two mirrors provided adjacent to 
the polarization beam spritter at different two sides for 
reflecting the first and second linearly polarized beams 
divided by the polarization beam spritter. 

A preferred embodiment according to the present 
invention will be described with reference to the draw- 
ings, in which a novel optical head device is provided, 
which has twin lenses responsible to two different opti- 
cal disks having different thicknesses. 

A laser beam source 1 is provided for emltthg a la- 
ser beam which is divergent A collimated lens 2 is pro- 
vided which is distanced from the laser beam source 1 
so that the laser beam emitted from the laser beam 
source 1 is transmitted through the collimated lens 2 
whereby the divergent laser beam is converted into a 
parallel laser beam with no divergence nor conver- 
gence. A polarization converter 3 is provided which is 
distanced from the collimated lens 2 whereby the paral- 
lel laser beam is transmitted through the polarization 
converter 3 for polarizing the parallel laser beam so that 
the parallel laser beam has a P -polarized component 
and an S-polarized component as illustrated in FIG. 7A 
A polarization beam splitter 4 is further provided, which 
is distanced from the polarization converter 3 so that the 
polarized parallel laser beam including both the P-po- 
larized component and the S-polarized componentlllus- 
trated h FIG. 7 A is made incident to the polarization 
beam splitter 4 whereby the polarized parallel laser 
beam is isolated into the P-polarized beam and the S- 
polarlzed beam as illustrated in FIG. 7B. If the polariza- 
tion beam splitter 4 is designed to reflect the S-polarized 
beam, then the above S-polarized beam is reflected, by 
the polarization beam splitter 4, to be transmitted in a 
vertical direction to the direction in which the laser beam 
has been transmitted. By contrast, the P-polarized 
beam is not reflected by but transmitted straight through 
the polarization beam splitter 4. A reflecting mirror S is 
provided adjacent to the polarization beam splitter 4 so 
that the P-polarized having been transmitted straight 
through the polarization beam splitter 4 is reflected, by 
the mirror 5. to be transmitted in the same direction as 
the direction in which the S-polarized beam is transmit- 
ted or vertical to the direction in which the laser beam 
has been transmitted before entry into the polarization 
beam splitter 4. As a result the P-polarized beam having 
been reflected by the mirror 5 is transmitted in parallel 
to but distanced from the S-polarized beam having been 
reflected by polarization beam splitter 4> A quarter wave- 
length plate 6 is provided which faces to the polarization 
beam splitter 4 and the mirror 5 so that both the P-po- 



larized beam having been reflected by the mirror S and 
the S-polarized beam having teen reflected by polari- 
zation beam splitter 4 are transmitted through the quar- 
ter wavelength plate 6 whereby, as illustrated in Fl G. 7C, 
& the S-polarized beam is made into a first circularity po- 
larized beam having a polarization plane rotating in the 
anti-clockwise direction whilst the P-polarized beam is 
made into a second circularity polarized beam having a 
polarization plane rotating in the clockwise direction, 
w First and second objective lenses 7 and 8 are provided 
to face to the quarter wavelength plate 6. The first and 
eecond objective lenses 7 and 3 are aligned in parallel 
to the surface of the quarter wavelength plate 6 so that 
the first circularity polarized beam with the first polariza- 
'* tion plane rotating in the anti-clockwise direction having 
been reflected by the polarization beam splitter 4 Is 
transmitted through the first objective lens 7 whilst the 
second circularity polarized beam w&h the polarization 
plane rotating in the clockwise direction having been re^ 
& fleeted by the mirror 5 is transmitted through the second 
objective lens 8. The first and second objective lenses 
7 and 8 are differently adjusted to two optical disks which 
differ in thickness from each other to accord to two dif- 
ferent regulations. The first and sacond circularity polar- 
25 ized beams have been transmitted through the first and 
second objective lenses 7 and 5 respectively show dif- 
ferent convergence so that the first and second circular- 
ity polarized beams are focused cn surfaces of the dif- 
ferent two optical disks which differ in thickness from 
each other to accord to two different regulations. That 
is why as illustrated in FIG. 2, the first circularity polar- 
ized beam having been transmitted through the first ob- 
jective lens 7 is focused at a position being far from the 
first objective lens 7 more than a position at which the 
55 eecond circularity polarized beam has been transmitted 
through the second objective lens c is focused. The op- 
tical disk, on which the first circularity polarized beam 
has been transmitted through the first objective lens 7 
is focused, is larger In thickness than the other optical 
40 disk on which the second circularity polarized beam has 
been transmitted through the first objective lens 7 is fo- 
cused This means that the surface of the optical disk, 
on which the first circularity polarized beam is focused, 
has a farger distance from the first objective lens 7 than 
45 a distance between the second objective lens 8 and the 
other optical disk on which the secend circularity polar- 
ized beam is focused. The first circularity polarized 
beam having been transmfttedthrcugh the first objective 
lens 7 Is focused on the optical disk whilst the second 
60 circularity polarized beam having been transmitted 
through the second objective lens 3 is focused on the 
other optical disk having a larger thickness than the 
above optical disk. The first and second circularity po- 
larized beams are reflected by the surfaces of the optical 
55 disks and then Transmitted return to the first and second 
objective lenses 7 and 8, The first and second circularity 
polarized beams having been reflected are transmitted 
with divergence and enter into the first and second ob- 



4 



2005* W 9B mm 



ITO INTERNATIONAL PATENT OFFICE 



NO. 567 1 P. 26 



7 EP 0 789 356 A1 3 



jecirve lenses 7 and 8 whereby the first and second cir- 
cularity polarized beams are made into first and second 
parallel beams. The first and second parallel beams 
having been transmitted through the first and second 
objective lenses 7 and 8 enter into the quarter wave- 
length plate 8 whereby the first and second parallel 
beams circulatory polarized in the anti-clockwise and 
clockwise directions are made into me P-polarlzed and 
S-polarized beams as illustrated in FIG. 7D. 

As described above, the laser beam emitted from 
the laser beam source 1 is polarized by the polarization 
converter 3 to have S-polarized component and P -po- 
larized component. The polarized laser beam is then di- 
vided by the polarization beam splitter 4 into Ihe S-po- 
larized beam and P-polarized beam. Since the potariza- 
tion beam sprirter 4 is designed to reflect the S-polarlzed 
component but transmit the P-polarized component 
straight, the S-polarized beam is reflected by toe polar- 
ization beam spotter 4 and then transmitted in the ver- 
tical direction to the direction in which the beam has al- 
ready been transmitted until a position of the polariza- 
tion beam spritler 4. 9y contrast, the P-polarized beam 
is transmitted straight through the polarization beam 
spritter 4 and enters Into the mirror 5 whereby the P- 
polarized beam is reflected and then transmitted in the 
vertical direction to the direction in which the beam has 
already been transmitted. The S-polarized beam having 
been reflected by the polarization beam spritter 4 and 
the P-polarized beam having been reflected by the mir- 
ror 5 are transmitted through the quarter wavelength 
plate 5 whereby the S-polarized beam Is made into the 
first circulatory polarized beam with the polarization 
plane rotating in the anti-clockwise direction whilst the 
P -polarized beam is made into the Gecond circulatory 
polarized beam with the polarization plane rotating in the 
clockwise direction. The first and second circulatory po- 
larized beams are then transmitted through the first and 
second objective lenses 7 and 8 to be focused on the 
two optical disks differing in thickness from each other, 
and then reflected by the two optical disks whereby the 
first and 6econd circulatory polarized beams enter into 
the quarter wavelength plate S again. As a result, the 
first and second circulatory polarized beams are made 
by the quarter wavelength plate 6 into the P-polarized 
and S-polarized beams respectively. The P-polarized 
beam enters into the polarization beam spritler 4. The 
S-polarized beam enters into the mirror 5 and then re- 
flected by the mirror 5 to be transmitted in the reverse 
direction to the direction in which the beam has been 
transmitted from the laser beam source 1 through the 
collimated lens 2 and the polarization converter 3. The 
S-polarized beam reflected by the mirror 5 enters into 
the polarization beam spritter 4. As described above, 
since the polarization beam spriner 4 is designed to re- 
flect the S-polarized component but transmit the P-po- 
larizad component straight, the S-polarized beam is fur- 
ther reflected by the polarization beam spritler 4 to be 
transmitted in the vertical direction to the direction in 



which the beam has been trans mined from the laser 
beam source 1 through the collimated lens 2 and the 
polarization converter 3. The above vertical direction is 
reverse to the direction in which the beam is transmitted 

s from the quarter wavelength plale 6 to the objective 
lenses 7 and 8. Thus, the S-polarized beam having been 
reflected by the polarization beam sprflter 4 is then 
transmitted in the opposite side to the objective lens. 
Since the P-polarized beam having been transmitted 

to through the first objective lens 7 and the quarter wave- 
length plate 6 is then transmitted straight through the 
polarization beam spritter 4. An optical detecting system 
9 is provided at an opposite side to the first objective 
lens 7 with reference to the polarization beam spritter 4 

15 so that the P-polarized beam having been transmitted 
straight through the polarization beam spritter 4 and the 
S-polarized beam having been reflected by the polari- 
zation beam spritter 4 are received by the optical detect- 
ing system 9. 

20 From the above descriptions, it can be understood 
that the beam emitted from the laser beam source 1 is 
transmitted up to the optical detecting system 9 with only 
an optical dividing loss when the beam is divided into 
the S-pola/ized and P-polarlzed beams by the poia/iza- 

2S tion beam spritter 4. This means that the S-polarized 
and P-polarized beams once divided from the beam 
emitted from the laser beam source 1 are transmitted 
up to the optical detecting system 9. 

Whereas it may be proposed to use the beam sprft- 

so ier without any polarization property tor the purpose of 
dividing the beam into the two beams to be transmitted 
In different directions, the divided beams are reflected 
by the optical disks and then each of the divided beams 
is further aVrded by the beam spritter into the two twice- 

3S divided beams to be transmitted in the different direc- 
tions. As a result, all of the twice-divided beams are not 
transmitted to the optical detecting system 9. This 
means that a certain optical dividing loss appears. 
Both the above two S-polarlzed and P-polarized 

*o beams are transmitted to enter into the optical detecting 
system 9 along the common optical axis, for which rea- 
son only a single optical detecting system ie responsible 
to two beams having been transmitted through the first 
and second objective lenses respectively. As the optical 

*s detecting system 9, any servo-error detecting methods 
already known are available such as a knife edge meth- 
od, an astigmatism method, a push-pull method, and a 
heterodyne method. 

As described above, the first and second lenses 7 

to and 8 are designed for the different optical disks having 
different thickness to accord to the different regulations 
and the first and second lenses 7 and 3 are provided to 
face to the different two optical disks respectively, for 
which reason It Is not necessary to switch the first and 

ss second objective lenses 7 and 9. 

An actuator IBustraied in FIG. 3 is available. A mov- 
able portion 10 is supported by spring plates 12 which 
are fixed to a base portion 11 . The above first and sec- 
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ond objective tenses 7 and 8 are provided. 

As illustrated in FIG. 4, the first and second objec- 
tive lenses 7 and 8 have different focal distances so as 
to avoid any problem with stray fight, rf the beam having 
been transmitted through the first objective lens 7 is fo- 
cused on the optical disk 1 3, then the beam having been 
transmitted through the second objective lens 9 is not 
focused on the opticai disk 13. Thus, the beam reflected 
by the optical disk 13 and then transmfrted through the 
second objective lens is not collimated but is dh/erting 
light, for which reason a majority pan of the diverting 
light is not transmitted to the optical detecting system 9, 
provided a diameter of the optical element Is sufficiently 
smaJI. This means that the intensity of the stray light is 
so low as substantially Ignoble. 

It is also possible to settle the above problem with 
stray light by having the beam incident to any one of the 
first and second objective lenses, for example, by rotat- 
ing the polarization plane since the polarization convert- 
er is provided between the laser beam source 1 and the 
polarization beam spritter a. 

If the polarization converter 3 transmits only the S- 
potarized beam, then the beam Is Incident only to the 
first objective lens 7. If, however, the polarization con- 
verter 3 transmits only the P-polarized beam. thBn the 
beam is incident only to the second objective lens B. In 
this case, however, there is no problem wfth stray light 
nor disadvantage in generation of any optical dividing 
loss. 

The polarization converter may comprise a half- 
wavelength plate 14 movable by a solenoid coil 15 as 
illustrated in FIG. 5. The laser beam source 1 emits a 
laser beam which is P-polarized. The half-wavelength 
plate 1 4 is set so that a crystal axis '* 45 degrees to the 
incident path of the P-polarized beam. If this half-wave- 
length plate u is positioned on the path of the P-polar- 
ized beam so that the P-polarized beam is transmitted 
through the half-wavelength plate u. then the P-polar- 
ized beam is converted by the half -wavelength plate 14 
into the S-po!artzed beam The 5-polarrzed beam is then 
transmitted through the first objective lens 7 onto the 
optical disk. If, however, the above half-wavelength 
plate 14 is moved out of the path of the P-polarized 
beam by th e solenoid coil 1 5, then th e P-polarized beam 
is then transmitted to the second objective lens 8. 

If, contrary to the above polarization beam eprrrter 
4, the polarization beam sprfner 4 Is designed to reflect 
P-polarized beam and transmit S-poIarized beam, then 
the P-polarized beam is transmitted through the first ob- 
jective lens and the S-polarized beam Is transmitted 
through the second objective lens. 

In the above optical system, the lengths of ihe two 
optical paths are different Notwithstanding, it is possible 
to set the two opticai paths at the same length by using 
two mirrors as Illustrated in FIG. 6 wherein both the S- 
polarized and P-poiarized beams are reflected by the 
two mirrors respectively and then enter into the first and 
second objective lenses 7 and E. In this case, it is pos- 
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slble to use, in place of the collimated lens 2, the objec- 
tive lens of finite system so that the hole structure is 
made simple. 

In place of the movement of the half-wavelength 
plate 1 4 by use of the solenoid coil 1 5, it is also possible 
to rotate the crystal axis direction of the half-wavelength 
plate 14 by 45 degrees for switching the type of the po- 
larization of the transmittable beam. 

rt is also possible not to use the polarization con- 
verter 3. In this case, the first and second objective lens- 
es 7 and 8 have different focal distances as described 
above with reference to FIG. 4 in order to avoid any 
problem with stray light. 

In place of the first and second objective lenses 7 
and 6 being provided on the single movable plate 10 
illustrated in FIG. 3, the first and second objective lenses 
7 and 8 may be provided on differ ant two movable plates 
respectively. 

Whereas modifications of the present invention will 
be apparent to a person having ordinary skill in the art, 
to which the invention pertains, it is to be understood 
that embodiments as shown and described by' way of 
Illustrations are by no means imanded to be considered 
In a limiting sense. Accordingly, it is to be intended to 
cover by claims any modfflcaticns of the present inven- 
tion which fall within the spirit and scope of the present 
invention. 



30 Claims 



1. An optical head device comprising: 



a light source for emitting a laser beam ; 
a polarization beam spritter for receiving said 
laser beam and dividing first and second line- 
arly polarized beams having first and second 
polarization directions which are vertical to 
each other ; 

an optical transmission system for receiving 
said first and second polarized beams and re- 
spectively transmitting said first and second lin- 
early polarized beams along first and second 
optical paths which are parallel to each other ; 
a quarter wavelength plate for receiving said 
first and second linearly polarized beams and 
converting said first and second linearly polar- 
ized beams into first and second circulatory po- 
larized beams having polarization planes rotat- 
ing in first and second directions opposite to 
each other : 

a pair of first and second objective lenses pro- 
vided for receiving said first and second circu- 
latory polarized beams respectively, said first 
and second objective lenses having first and 
second focal lengths which are different from 
each other, 

so that any one of said first and second circu- 
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latory polarized beams la focused on an optical 
disk surface and then said first and second cir- 
culatory polarized beams are reflected by said 
optical disk surface and subsequently transmit- 
ted through said first and second objective lens* £ 
es to said quarter wavelength plate whereby 
said first and second circulatory polari2ed . 
beams are respectively convened into third and 
fourth linearly polarized beams having said 
second and first polarization directions respec- w 
tively before said third and fourth linearly polar- 
ized beams arc transmitted through said optical 
transmission system to said polarization beam 
spritter whereby said third and fourth linearly 
polarized beams are transmitted along a com- * 5 
mon optical path to a single optical detecting 
system. 

2. The optical head device as claimed in claim 1, fur- 
ther comprising a polarization converter provided 20 
between said light source and said polarization 
beam spritter for converting a transmrttable linearly 
polarized beam In polarization direction. 

3. The optical head device as claimed In claim 2, char- ss 
aderlzed in that said polarization converter com- 
prises a half-wavelength plate so movable as to be 

on and off an optical path along which said laser 
beam is transmitted. 



4. The optical head device as claimed in claim 2, char- 
acterized in that said polarization converter com- 
. prises a half -wavelength plate capable of rotating a 
crystal axis direction. 



5. The optical head device as claimed tn claim 1 , char- 
acterized in that said light source is capable of emit- 
ting any one of said first and second Gnearfy polar- 
ized beams. 



6. The optical head device as daimed in claim 1 , char- 
acterized in that said optical transmission system 
comprises a single mirror provided adjacent to said 
polarization beam spritter for reflecting one of said 
first and second linearly polarized beams divided by <5 
said polarization beam spritter. 

7. The optical head device as claimed in claim 1 , char- 
acterized in that said optical transmission system 
comprises two mirrors provided adjacent to said po- so 
larization beam spritter at different two sides for re- 
flecting said first and second Bnearty polarized 
beams divided by said polarization beam spritter. 
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FIG. 1 PRIOR ART 




7 : first objective lens 

8 : second objective leiis 
10 : movable section 

20 ; inident beam 

2 1 : axis 

22 : pole piece 

23 : coil 

24 : magnet 
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1 : laser beam source 

2 : collimated lens 

3 : polarizaion converter 

4 : polarization beam spritter 

5 : mirror 

6 : quater wavelength plate 

7 : first objective lens 

8 : second objective lens 

9 ; optical detecting system 
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7 : first objective lens 

8 : second objective lens 
10 : movable portion 

1 1 : fixed portion 

1 2 : spring plate 
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7 : first objective lens 

8 : second objective lens 
10 : movable portion 

13 : optical disk 
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14 : quater wavelenjrth plate 

1 5 : solenoid coil 
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FIG. 6 




4 : polarization beam spritter 

5 : mirror 
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